In the pass from classical to modern physics, the idea of supposing some quantities having distinct or bounded values and keeping the rest continuous has been useful in treating many problems. In this paper, we suppose an upper limit for velocity of the classical particles and show applying this assumption to electromagnetism leads us to a maximum strength for magnetic fields which reveals an acceptable coincidence with the highest strengths in the cosmos, observed in magnetars.
Classical physics has a continuum-based attitude to the nature, it means classical quantities basically don't have quanta and limit. Modern physics, at first look, may simply be regarded as a theory, based on quantized and limited form of classical quantities. Semi-classical physics, which applies the idea of distinct and bounded values to some quantities and keeps the rest classical has been useful in treating many problems, at least for gaining a primary comprehension. In classical physics magnetic field strength is not restricted to any maximum values, but adding some assumptions, which are in fact inspired by relativistic and quantum physics, using very simple mathematics allow us to derive a theoretical maximum magnetic field strength. The assumptions are: a classical velocity and a radius limit for the particles. Here, after a very short review on the topic, we try to find an upper limit for the strength of magnetic fields based on a semiclassical approach by using Maxwell equations beside mentioned assumptions. The main point that we have paid attention here is that magnetic fields are bound to electric current flows and thus, the question of how strong magnetic fields can get, is reduced to the question of how strong currents can become. We first consider two basic configurations of particles and magnetic fields; one, a circular moving charge in a linear field, the other, a circular field of a linearly moving charge. We derive in terms of some constants of nature. Then, estimate and compare the with the strongest fields in cosmos which are observed in magnetars. At last we discuss the validity of our theoretical approach.
A synopsis of proposed limits
It is commonly claimed that we have to refer to quantum electrodynamics or quantum field theory in order to infer about the principal physical limitations on the generation of magnetic fields. Quantum mechanics provides a first limit on the magnetic field from the solution of Schrodinger's equation of an electron orbiting in a homogeneous magnetic field, which is from the order of 10 9 1 . This field strength was observed in pulsars 2 , a few decades after being theoretically proposed 3, 4 . Detection of magnetic fields exceeding the quantum limit by up to three orders in magnetars was an initial surprise. However, more precise relativistic electrodynamics calculations showed that the limit can be exceeded. The only problem with new theoretical limits is that they are far beyond the strongest observed magnetic fields in cosmos 1 . That's why in this paper we intend to reveal there exists a theoretical limit for magnetic field strength, which is compatible with the observed 10 12 maximum in magnetars.
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Linear field limit
Based on the nature of electromagnetism, charged particles revolve in a magnetic field, making a current loop. Suppose a vertical magnetic field with no boundaries and a horizontally moving particle within the field. Combining the Lorentz and centripetal force equations, we have:
Here we have represented the Lorentz force by , the centripetal force by , the particles mass by and charge by and velocity by , the rotation radius by and the magnetic field strength by . A classical particle has a well-defined radius; let us assume the minimum revolution radius could not be smaller than its own diameter; just like two similar balls that cannot revolve around each-other with a radius shorter than their diameter. If there exists a maximum velocity for all particles, then there would be an ultimate strength for each type of particles:
Here refers to the particle type; electron, proton, etc. This relation simply means, nature should not allow magnetic fields stronger than , otherwise there would be a possibility of particles reaching higher than velocities. Obviously, the particle which has the smallest ⁄ ratio, would define the actual limit.
Circular field limit
Maxwell equations tell us, moving charges as a current, produces a magnetic field around themselves. Suppose a current on an infinite straight line. Using the Ampere's law, the magnetic field around a cylinder of current is:
Here 0 is permeability of the vacuum, is the radius of the cylinder, is the radial distance from the cylinder axis and is the current density. Since cannot be smaller than , The maximum value of can be defined as:
Now we should estimate the maximum current density. By its definition, the corresponding to a flow of similar charged particles passing through an assumed surface is equal to: = is the number density of particles, is their charge and is their velocity. Now we apply our assumptions: if the particles are spheres with as their radius and their velocity does not exceed , we can write:
The estimation of n that we have used here clearly is not acceptable; we should have supposed at least two types of particles. But fortunately our discussion is in fact on a single line of charges, it is not necessary to apply those details. So, if we limit the cylinder to one line of charges, taking equal to , we have the maximum limit for the magnetic field strength of a moving charge:
This relation means, currents do not generate magnetic fields stronger than , because charged particles cannot reach velocities higher than . It is clear, the particle which has the smallest 2 ⁄ ratio, would determine the actual limit.
The classical particle radius
As you may have noticed, we succeeded in defining the in terms of natural constants, except for , which is a hypothetical notion. We have to relate the particle radius to empirical quantities to be able to estimate a value for the . To do so, we use a very simple argument: imagine two charged particles of the same type beside each-other. Because of the spherical symmetry, they would interact as point charges; so, using the Gauss equation in the form of Coulomb's law, we can derive the acceleration of one particle with respect to the other:
Now, we determine the velocity changes of the particle under such an acceleration:
Consider the situation when the particles have moved away from each-other far enough to assume → ∞. We can write:
Now we are ready to take advantage of our assumptions. The maximum velocity change of the moving particle would not exceed ; so there exists a minimum value for 0 :
Simple interpretation of 0 is, the distance of the centers of the two particles is not allowed to be less than above value; else, there would be a possibility of reaching velocities higher than . If we return to our naive notion of ball-like particles, 0 apparently refers to the situation when the balls are tangents. So in fact 0 is equal to 2 :
=
The classical particle radius, is not anything new; we derived it here, without utilizing Einstein's mass-energy equivalence, just to give our interpretation and remind the reader, is a semiclassical concept, consistent with the approach that we have taken here. Also, we have revealed that the assumption of a classical radius, is not a choice, but is indeed a consequence of applying an upper limit to the velocity of charged particles. Surprisingly or not, both of the limits turn out to be almost the same. We must mention here that it would be enough for us to estimate the order of magnitude of , because practical restrictions do not let us to measure cosmic magnetic fields precisely. If we consider the common magnetic structures observed in the universe, the infinite current line assumption that we have used in deriving the circular field limit is less convincing than hypothesis of infinite homogeneous vertical field lines which we have supposed to obtain the linear field limit; thus we prefer to use linear field limit, which was derived right away and also 2 seems more natural coefficient than 6.
( ) =
Estimating the Now we are able to calculate the for any particle. As our last step, we should find the particle with the least . Fortunately this is a simple quest; material in space and stars commonly consists of ions and electrons. Ions are 10 3 to 10 5 times heavier than electrons, while their charge order of magnitude is usually same as electron or just one order higher.
Putting these values to the definition, we conclude for any sort of ions is at least 10 3 times stronger, compared to the limit corresponding to electrons. So the actual magnetic field strength limit, based on our hypotheses, exists due to electrons: The case of magnetars A magnetar is a type of neutron star with extremely powerful magnetic field which is basically produced due to gravitational collapse. They were first observed more than three decades ago 5, 6 but it took more than a decade until the of name magnetar and the scenario of a super-strong magnetic field, reaching up to 10 11 on the surface and possibly higher in the star's interior, to be proposed 7 . New-born magnetars might possess more powerful internal fields, but reaching about 10 13 strengths is improbable 8 . More information on the topic can be found in a great recently published review of the magnetar physics 9 .
Discussion and conclusion
The value that we have obtained here has nothing to do with the details of magnetic field amplification processes and dynamos within the astrophysical compact objects. It is based on a simple statement; a field stronger than may lead or be due to particle velocities higher than , so if there is such a velocity limit, nature is not capable of magnetic field strengths higher than . Obviously does not seem to be the nature's ultimate bound since we have totally ignored the quantum nature of particles here. However, this limit has the best consistency with the magnetar observations, in comparison with other suggested maximums. Here, we do not aim to give a justification for this consistency; because many complex phenomena happen within a magnetar which are all beyond the classical approach we have taken here. Nevertheless, this compatibility may point out the significant role that electrons play in generation of any large scale magnetic fields and currents Electrons are still believed to have no structure; but anyhow, this simple result implies that at scales below the classical electron radius, the concept of magnetic field would not make much sense anymore. One may thus believe that the upper semi-classical limit sets a semi-absolute bound on realistic magnetic field strength; keeping in mind that fields are severely bounded by the available dynamical energies, which seem to be far below any quantum electrodynamics limits. One might argue, heavier stars can possess stronger fields; but the available range for much massive magnetars is narrow because such objects probably become black holes when collapsing, and it is believed they do not host magnetic fields or at least no information about the field would be left to the external observer. Although the magnetic fields of black holes is still an open problem, it seems there is not much possibility of existence for extreme environments which procure magnetic fields stronger than limit. As the last point, it must be mentioned that the consistency of and magnetar field strengths, does not indicate that the case of magnetars can be argued in a classical attitude; in fact this result implies that non-classical physics must be applied to understand even the large scale structures of a magnetar; since their magnetic strength has reached to the classical upper limit.
